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$X$ }$\mathrm{s}-’\mathrm{s}$ ( $\{0,1\}$ )
$\phi$ $X$ $x\in X$ $\phi$ $Orb_{\phi}(X)$
$X$ $\phi$ $X$ $\phi$
(X, $\phi$) }$\sim-\mathrm{K}\mathrm{s}$
(X, $\phi$)






$B_{\phi}=\{f-f\mathrm{o}\phi-1 ; f\in C(X, \mathrm{Z})\}$
$K^{0}(X, \phi)=c(x, \mathrm{z})/B_{\phi}$





$K^{0}(X, \phi)$ well-defined $\mathrm{m}\mathrm{o}\mathrm{d} (\gamma)$
$T(\emptyset)=\{\gamma\in C(\emptyset) ; \mathrm{m}\mathrm{o}\mathrm{d} (\gamma)=id\}$
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$m_{n}$ $m_{n+1}$ $\mathrm{Z}/m_{n+1}\mathrm{Z}$ $\mathrm{Z}/m_{n}\mathrm{Z}$
$X=\mathrm{p}\mathrm{r}\mathrm{o}\mathrm{j}\mathrm{l}\mathrm{i}\mathrm{m}\mathrm{z}/m_{n}\mathrm{Z}$
$X$ $(1, 1, \cdots)$




$K^{0}(X, \phi)$ $X\cong C(\phi)=T(\phi)$
$C(\phi)$ $X$





3.1 $([\mathrm{L}\mathrm{M}])$ $G$ $C(\psi)\cong G\oplus \mathrm{Z}\psi$
$(Y, \psi)$ $(Y, \psi)$
32 $([\mathrm{M}2])(Y, \psi)$
(i) $H$ $T(\psi)$ $H$








$c:Xarrow G$ (X, $\phi$) $c$ $Y=$
$X\cross G$ $\psi$ $\psi(x, g)=(\phi(x), g_{C}(x))$ $(Y, \psi)$ $c$
(X, $\phi$) skew product extension $Y$ $X$ $\pi$
$\pi$ $\pi 0\psi_{=}\emptyset 0\pi$ $\pi$ $(Y, \psi)$ (X, $\phi$) factor map
$G$ $h$ $Y$ $\gamma_{h}$ $\gamma_{h}(x, g)=(x, hg)$
$\gamma_{h}$
$\psi$ $\{\gamma_{h}\}_{h\in G}$ $G$ $C(\psi)$
$(Y, \psi)$
(X, $\phi$) $c:Xarrow G$ $(Y, \psi)$
$G$ $(h_{1}, h_{2}, \cdots, h_{r})$




) $G$ $\xi\in G^{\mathrm{Z}}$
$\xi(i)=h_{i}$ for $i\neq-1\mathrm{m}\mathrm{o}\mathrm{d} r+1$
$\xi(-1+i(r+1))=h_{i}$ for $i\neq-1$ mod $r+1$
$\xi(-1-(r+1)+i(r+1)^{2})=h_{i}$ for $i\neq-1\mathrm{m}\mathrm{o}\mathrm{d} r+1$
















(X, $\phi$) $(r+1)^{\infty}$ $(Z, \tau)$ factor map $\rho$
$\rho$ $(Z, \tau)$ – –
$(Y, \psi)$ $(Z, \tau)$
$C(\emptyset)=\mathrm{Z}\emptyset$
$c$ : $Xarrow G$ $\zeta$. $\in X$ $c(\zeta)=\zeta(0)$ $c$
(X, $\phi$) $c$ $(Y, \psi)$
$(Y, \psi)$ $(\xi, e)\in Y$ $\psi$ $(h_{1}, h_{2}, \cdots, h_{r})$
$\psi^{i}(r+1)(\xi, e)$ for $i=0,1,$ $\cdots,$ $r-1$
$r$ $G$ $G$
$\psi^{i(r+1})2(\xi, e)$ for $i=0,1,$ $\cdots,$ $r-1$
$r$ $G$ $G$ - $X$ $(Z, \tau)$
factor map $\rho$ $\xi$ – – $\phi^{i(_{\Gamma+}1})^{n}(\xi)$ $narrow\infty$ $\xi$
$g\in G$ $(\xi, g)$ $Orb\psi(\xi, e)$
$(Y, \psi)$ $(\zeta, g)$ (X, $\phi$)
$\{a_{n}\}_{n}$ $\lim\phi^{a_{n}}(\xi)=\zeta$
$h\in G$ $\lim\psi^{a_{n}}(\xi, e)=(\zeta, h)$
$\gamma_{gh^{-1}}$ $\lim\psi^{a_{n}}(\xi, gh^{-1})=(\zeta, g)$
$Orb\psi(\xi, e)$ $Y$
$Orb_{\psi}(\zeta, g)$ $Y$
$(Y, \psi)$ (X, $\phi$) factor map $\pi$ (X, $\phi$) $(Z, \tau)$ factor map $\rho$
$\rho 0\pi$ – $G$ –




33 $(Y, \psi)$ $\gamma\in T(\psi)$ $\tau\in C(\psi)$ $\tau$
$\gamma 0\tau 0\gamma^{-1}=\tau^{k}$ $k$ 1




$\psi(X, l)=(\phi(x), l+f(x)),$ $\tau(x, l)=(_{Xl+},1)$
$(Y, \psi)$ (X, $\phi$) $\pi$ $\gamma$ $\tau$ normalize $\overline{\gamma}\in C(\phi)$
$\tilde{\gamma}0\pi=\pi 0\gamma$ $Y$ $\gamma$ $Y=X\cross \mathrm{Z}/n\mathrm{Z}$
$X$ $\tilde{\gamma}$ $\pi$ $K^{0}(X, \phi)$
$K^{0}(Y, \psi)$ $\pi^{*}$





$\psi$ $\gamma_{0}\in C(\psi)$ $\gamma_{0}^{-1}0\gamma\circ$





34 $(Y, \psi)$ $G\cong \mathrm{Z}/n\mathrm{Z}\oplus \mathrm{Z}/n\mathrm{Z}$ $C(\psi)$
$G\mathrm{n}\tau(\psi)=id$
(X, $\phi$) (V, $E,$ $\leq$ )
$([\mathrm{H}\mathrm{p}\mathrm{s}])$ $X$ – (V, $E,$ $\leq$ )
$-$
$X$ $x_{\max}$
$G$ $c$ : $Xarrow G$
skew product extension $(Y, \psi)$ $(Y, \psi)$ $0$
$(Y, \psi)$ –
$(Y, \psi)$ $(Y, \psi)$
(V $E,$ $\leq$ ) $c$ –
$\overline{B}_{\psi}=$ { $f-f\mathrm{o}\psi$ ; $f\in C(Y,$ $\mathrm{Z}),$ $f(x_{\max},$ $g)=0$ for all $g\in G$}
$\tilde{B}_{\psi}$ $B\psi$ $C(Y, \mathrm{Z})$ $\tilde{B}_{\psi}$
$K^{0}(Y, \psi;G)$ $K^{0}(Y, \psi)$ $K^{0}(Y, \psi;G)$
35( $[\mathrm{P}]\rangle$ $K^{0}(Y, \psi;G)$ $K^{0}(Y, \psi)$ $\mathrm{z}\# G-1$
76
$\{(x_{\max}, g)\}_{g}$ $Y$ $\neq G$ $(Y, \psi)$
(V, $E,$ $\leq$ )
$c$ $K^{0}(Y, \psi_{;}G)$ .
$\mathrm{Z}[G]$ $\mathrm{Z}[G]$-module $K^{0}(Y, \psi;c)$
$K^{0}(Y, \psi)$





$(Y, \psi)$ $K$ (X, $\phi$)
$H./K$ $T(\phi)$ $H$







36 $([\mathrm{M}2])$ $(G, G^{+}, u)$ $m$
(i) $(K^{0}(Y, \psi),$ $K0(Y, \psi)+,$ $[1])\cong(G, G^{+}, u)$ $(Y, \psi)$
$T(\psi)$ $m$
(ii) $G/mG\cong \mathrm{Z}/m\mathrm{Z}$ $u$ $G$ $m$
$(i)\Rightarrow(ii)$ $(ii)\Rightarrow(i)$
$(Y, \psi)$ $C(\psi)$ $m$




[M1] $\eta$ : $T(\psi)arrow \mathrm{E}\mathrm{x}\mathrm{t}(K0(Y, \psi),$ $\mathrm{z})$
$\mathrm{E}\mathrm{x}\mathrm{t}$ $\mathrm{H}\mathrm{o}\mathrm{m}(K^{0}(Y, \psi),$ $\mathrm{R})$ $\mathrm{H}\mathrm{o}\mathrm{m}(K0(Y, \psi),$ $\mathrm{R}/\mathrm{Z})$
77
$T(\psi)$ $m$ $\gamma$ 36 $K^{0}(Y, \psi)/mK^{0}(Y, \psi)$
$\mathrm{Z}/m\mathrm{Z}$ $K^{0}(Y, \psi)$ $\mathrm{Z}/m\mathrm{Z}$ $\tilde{\eta}(\gamma)$
37 $\mathrm{Z}/m\mathrm{Z}$ $\mathrm{R}/\mathrm{Z}$ $\overline{\eta}(\gamma)$ $\eta(\gamma)$
38 $(Y, \psi)$ $\gamma\in T(\psi)$





(1) $n,$ $m$ $C(\psi)\cong \mathrm{Z}/nm\mathrm{Z}\oplus \mathrm{Z}\psi$ $T(\psi)\cong \mathrm{Z}/n\mathrm{Z}\oplus \mathrm{Z}\psi$
$(Y, \psi)$
(2) $D_{n}$ $D_{n}$ $a^{n}=b^{2}=e$ $bab=a^{-1}$ $a$
$b$ $a$ $D_{n}$ $n$
$C(\psi)\cong D_{n}\oplus \mathrm{Z}\psi$ $T(\psi)\cong \mathrm{Z}/n\mathrm{Z}\oplus \mathrm{Z}\psi$
$(Y, \psi)$ $n$ 32
(3) $D_{6}$ $a^{2}$ $\mathrm{Z}/3\mathrm{Z}$
32 $C(\psi)\cong D_{6}\oplus \mathrm{Z}\psi$ $T(\psi)\cong \mathrm{Z}/3\mathrm{Z}\oplus$
$\mathrm{Z}\psi$ $(Y, \psi)$




(X, $\phi$) $c$ : $Xarrow G$ skew product extension $(Y, \psi)$
$C(\psi)$ $G$ (X, $\phi$) $c$ $C(\psi)=$
$T(\psi)\cong G\oplus \mathrm{Z}\psi$ $(Y, \psi)$
$K^{0}(X, \phi)\cong \mathrm{Z}[\frac{1}{3}]\oplus \mathrm{Z}$ , $K^{0}(Y, \psi)\cong \mathrm{Z}[\frac{1}{3}]\oplus \mathrm{Z}[\frac{1}{3}]$





(2) $\mathrm{Z}$ mod $\mathrm{Z}^{d}$
mod
$\mathrm{Z}$ $d$
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